A method for the determination of malvidin 3-O-glucoside (Oenin), and malvidin 3, 5-O-diglucoside (Malvin) in wines by on line HPLC coupled with UV, and fluorescence detectors is described. With the proposed method the samples were analysed by direct injection without a previous treatment.
INTRODUCTION
Malvidin 3-O-glucoside (Oenin) and malvidin 3, 5-Odiglucoside (Malvin) are some of the anthocyanins present in wines. In Vitis vinifera species, only anthocyanidinmonoglucosides are present [1, 2] ; among these, oenin is the predominant anthocyanin in red wines. Malvidin 3, 5-Odiglucoside has been found in hybrid varieties [1] . The individual anthocyanin composition is characteristic of each grape cultivar, so that, the anthocyanin profile has recently been used as a suitable tool to classify wines [3] [4] [5] [6] .
These compounds are responsible for organoleptic characteristics such as colour, bitterness, and astringency [7] [8] [9] [10] . Since the colour is often a criterion of quality in foodstuffs, the analysis of these pigments has received considerable attention in the past years. Furthermore, anthocyanins have also been reported to show anti-inflammatory or antiviral activities, which have been attributed to their antioxidant properties [11] . Numerous methods have been described in the literature for determining anthocyanins in grape and wine samples [2, 3, 5, 8] . The most commonly used is liquid chromatography in combination with UV or diode array detectors (DAD) [1, 2, 3, 5] however, the lack of suitable standards makes, in some cases, necessary the identification by mass spectrometry [3] . Recently, liquid chromatography coupled to mass spectrometry has been successfully applied for the characterization of anthocyanins in natural products [7, 12] , however this technique is very expensive and is not common in control laboratories. To our knowledge, there are very few studies on the fluorescence properties of these phenolic compounds [13] . The use of a fluorescence detector in series *Address correspondence to this author at the Analytical Chemistry, Nutrition and Bromatology Department, Pharmacy Faculty, Campus Sur s/n, University of Santiago de Compostela, 15782 Santiago de Compostela (La Coruña), Spain; Tel: +34 981 598450; Fax: +34 981 594912; E-mail: qnlhjul@usc.es with a UV-Vis detector could be an excellent tool to complement the information provided by the DAD.
In the present paper, we report the optimisation of a high performance liquid chromatographic method with UV-Vis and fluorescence detection to analyse malvidin 3-Oglucoside and malvidin 3, 5 O-diglucoside in wine samples. The method was validated in terms of linearity, repeatabilities within day and between days, recoveries and anthocyanins stabilities. LC-FLD has been used as complementary technique. The proposed method could be a useful technique for control and routine analysis.
MATERIALS AND METHODOLOGY

Reagents and Standard Solutions
All reagents were of analytical grade. Acetonitrile and acetic acid were from Merck (Darmstadt, Germany). Formic acid was obtained from Riedel-de Haën (Seelze, Germany). Malvidin-3-glucoside chloride (Oenin chloride) and malvidin 3,5-diglucoside chloride (Malvin chloride) were supplied by Fluka BioChemika (Steinheim, Germany).
Water used for all solutions was obtained from a Milli-Q water purification system (Millipore) (Bedford, MA, USA).
Standard solutions were prepared in acidified methanol (0,5% v/v HCl) and stored at 4°C in the dark.
Samples
Commercially, available red wines from different parts of Spain were purchased in a local supermarket. The samples were filtered through a 0.50μm PTFE membrane filter (Advantec MFS, INC, CA, USA) and directly injected into the chromatograph. The analyses were performed in triplicate immediately after bottle opening. The rest of the wine was transferred to amber bottles in order to protect against sunlight and was stored in the refrigerator.
Equipment
Analyses were performed using a Hewlett Packard Series 1100 chromatographic system equipped with a quaternary pump, a degassing device, a 20μL injection loop (Rheodyne, Cotati,California, USA), an UV-Vis detector, and a fluorescence detector. The HPLC system was controlled by a personal computer running (HP) Chem Station Software.
Chromatographic separation was carried-out on a TEKNOKROMA, Tr-015605 TRACER EXTRASIL ODS2 (25 cm X 0.4 cm i.d. 5μm) controlled at 28°C with a column thermostatting system (Spectra Physics 8792, San José, CA, USA).
HPLC Analysis
Operating conditions were as follows: flow rate 1.5 mL/min, injection volume 20 μL, and column temperature 28°C. The mobile phases consisted of (A) water-formic acid -acetic acid (1000:8:9, v/v/v) pH 2 and (B) acetonitrile. The elution conditions applied were: 0-10 min linear gradient from 10-45%B, and finally, 100%B for 5 min before returning to the initial conditions. A wavelength of 520 nm was used for UV-Vis detector, and ex 378 nm, and em 435 nm for fluorescence detector.
Identification and Quantification
The identification of the compounds was made by comparison of their retention times with those of pure standards and by spiking the samples with standard solutions.
Quantitation was performed on the basis of linear calibration plots of peak area against concentration. Calibration lines were constructed based on six concentration levels of standard solutions within 0.5-10 mg/L range.
RESULTS AND DISCUSSION
Method Optimization
The chromatographic procedure is a modification of the method proposed by Farina et al. [14] . The gradient elution used to separate anthocyanins is generally based on methanol or acetonitrile-water and an acid modifier, such as acetic acid formic acid, trifluoroacetic acid or perchloric acid. Because of their suitable physico-chemical properties, [3] formic acid is one of the most used chemical. In developing the method, several changes in the proportion of the mobile phase components were assayed; A (water-formic-acid-acetic acid, 1000: 7:9 v/v/v) pH 2.2 B (acetonitrile); A (water-formicacid-acetic acid, 1000:7.5:9 v/v/v) pH 2.1 B (acetonitrile), and A (water-formic-acid-acetic acid, 1000: 8:9 v/v/v) pH 2; B (acetonitrile), a better resolution was achieved at pH 2. A low pH in the mobile phase is essential in order to guarantee that the anthocyanins are in the flavylium form [3, 9] . Furthermore, at acidic pH, the anthocyanins present the maximum of absorbance at 520 nm, this wavelength is very selective since it is characteristic of these pigments [3] . The effect of the column temperature on the separation was also investigated, the temperature was varied between 20°C and 35°C, and an improvement of the separation was obtained when the column was termostated at 28°C.
Finally, several flow-rates (0.8; 1; 1.2; and 1.5 mL/min) were tried, with a suitable separation being achieved with the highest reduction in the analysis time.
LC-FLD as a Complementary Technique
Although the HPLC-UV-Vis is the preferred method for routine analysis of anthocyanins, the use of a fluorescence detector in series with a UV-Vis detector could be an excellent tool to complement the information provided by the UVVis detector. To our knowledge, there are very few reports on fluorescence properties of the anthocyanins [13] . LC-MS is the most widespread method for the identification of these pigments; however, this equipment is very expensive, and is not common in control laboratories.
In spite of the fact that fluorescence response is lower than the signal obtained with UV detector, when a complex sample, like wine, is analysed, the on-line use of the fluorescence detector coupled to the HPLC-UV-Vis system could help us to distinguish between different compounds. The optimal wavelengths for FLD were determined by scanning standards. The best wavelengths were found to be exc 378nm and em 435 nm. Fig. (1) shows chromatograms of a standard solution, and a red wine sample obtained using a UV-Vis and a FLD.
Performance Characteristics
The method was validated with respect to linearity, repeatabilities within day and between days, recoveries and anthocyanins stability in standard solution and in samples.
The linearity of the method was tested by using a series of oenin and malvin standard solutions of known concentration. The calibration curves were constructed using six concentration levels and they were fitted to a linear equation y= 6.5 (±0.06)x + 3 (±0.3) for malvin and y=35 (±0.09)x +0.2 (±0.4) for oenin; the linear range was within the 0.5-10 mg/L range. Each point of the calibration curve is the average of three peak-area measurements. Both compounds showed a good linearity. The coefficients of determination obtained were 0.9996 and 0.99996 for malvin and oenin respectively. The limits of detection, calculated according ACS guidelines [15] (defined as signal three times the height of the noise level) were 0.1 for malvin and 0.09 mg/L for oenin.
The repeatabilities within day and between days were determined by analysing six replicates of standards at four concentration levels (0.63; 1.25; 2.5 and 5 mg/L) on the same day and on three separate days, respectively. The results are presented in Table 1 .
Recoveries were estimated on the basis of determination after spiking the samples with known amounts of malvin and oenin standards at three concentration levels. As it can be observed, recoveries higher than 95% were achieved ( Table  2) .
Since the method is proposed for control and routine analysis, the stability of the compounds in wine samples was evaluated during 48 h, simulating a thermostatted autosampler (4°C). No significant degradation was observed. The standard solution prepared in acidified methanol (0.5% v/v HCl) showed to be stable for ten days at 4°C in the dark. Table 3 shows the quantities of oenin and malvin found in seven commercial red wines. The content of oenin ranged from 2.43 to 7.1 mg/L. The differences could be attributed to different factors such as vintage, technology, etc. Malvin was only found in three samples. The quantities detected 
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